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CHEMOKINE PEPTTDES. VARIANTS, DERIYATTVES AND ANALOGS. THEIR USE IN METHODS TO INHTOIT OR 
AUGMENT AN INFLAMMATORY RESPONSE 

5 Cross-Reference to Related Applications 

This application is a continuation-in-part application of U.S. application 
Serial No. 08/927,939, filed September 11, 1997, the disclosure of which is 
incorporated by refermce herein. 



10 Background of flie Invention 

Macrophage/monocyte recruitment plays a role in the morbidity and 
mortality of a broad spectrum of diseases, including autoimmune diseases, 
grahulomatous diseases, allergic diseases, infectious diseases, osteoporosis and 
coronary artery disease. For example, in atherosclerosis early during lipid lesion 

15 formation, circulating monocytes adhere to the activated endothelium overlying the 
incipient plaque. Under appropriate conditions, the monocytes then migrate into the 
developing intima. In the intima, macrophage accumulate lipoprotein and excrete an 
excess of proteases relative to protease inhibitors. If the lipoproteins are oxidized, 
they are toxic to n:iacrophage, which results in macrophage death and an increase in 

20 an unstable, necrotic, extracellular lipid pooL An excess of proteases results in loss 
of extracellular matrix and destabilization of the fibrous plaque. Plaque instability is 
the acute cause of myocardial m&rction. 

Many molecules have been identified that are necessary for the recruitment 
of monocytes and other inflammatory cell types. These molecules represent targets 

25 for the inhibition of monocyte recruitment One class of such molecules is adhesion 
molecules, e.g., receptors, for monocytes. Another class of molecules includes 
inflammatory mediators, such as TNF-a and related molecules, the interleukins, e.g., 
BL-lp, and chemokines, e.g., monocyte chemoattractant protein- 1 (MCP-1). 
As a result, agents which modulate the activity of chemokines are likely to be useful 

30 to prevent and treat a wide range of diseases. For example, Rollins et al (U.S. 
Patent No. 5,459,128) generally disclose analogs of MCP-1 that inhibit the 
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monocyte chemoattiactant activity of endogenous MCP-1. Analogs that are 
effective to inhibit endogenous MCP-1 are disclosed as analogs which are modified 
at 28-tyrosine, 24-arginine, 3-aspartate and/or in amino acids between residues 2-8 
of MCP-1. In particular, Rollins et al. state that "[s]uccessful inhibition of tiie 
5 activity is found where MCP-1 is modified in one or more of the following ways: a) 
the 28-tyrosine is substituted by aspartate, b) the 24-arginine is substituted by 
phenylalanine, c) the 3-aspartate is substituted by alanine, and/or d) the 2-8 amino 
acid sequence is deleted" (col. 1, lines 49-54). The deletion of amino acids 2-8 of 
MCP-1 ("MCP-l(A2-8yO results in a polypeptide that is inactive, i.e., MCP-1(a2-8) 

10 is not a chemoattractant (col. 5, lines 22-23). The only effective MCP-1 inhibitor 
disclosed in Rollins et al. is MCP-1(a2-8). 

Recent studies suggest that MCP-1(a2-8) exhibits a dominant negative 
effect, i.e., it forms heterodimers with wild-type MCP-l that cannot elicit a 
biological effect (Zhang et al., J. Biol. Chem.. 269, 15918 (1994); Zhang et al., MoL 

15 Cell. Biol.. 15, 4851 (1995)). Thus, MCP-1(a2-8) does not exhibit properties of a 
classic receptor antagonist Moreover, MCP-1(a2-8) is unlikely to be widely useful 
for inhibition of MCP- 1 activity in vivo, as MCP-1 (a2-8) is a large polypeptide with 
undesirable pharmacodynamic properties. Furthermore, it is unknown whether 
MCP-1(a2-8) is active as a dominant-negative inhibitor of other chemokines 

20 associated with inflanunation. 

Thus, there is a need to identify agents that inhibit or enhance chemokine- 
induced macrophage and/or monocyte recruitment and which have desirable 
pharmacodynamic properties. Moreover, there is a need to identify agents that 
inhibit or enhance chemokine-induced activities of other cell types, such as . 

25 lymphocytes. Further, there is a need to identify agents that are pan-selective 
chemokine inhibitors. 
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Smmmary pf the ywveintioffi 
The invention provides a therapeutic agent comprising an isolated and 
purified chemokine peptide, chemokine peptide variant, chemokine analog, or a 
derivative thereof. Preferably, the therapeutic agent of the invention inhibits the 
5 activity of more than one chemokine, although the agent may not inhibit the activity 
of all chemokines to &e same extent Altenmtively, a preferred therapeutic agent of 
the invention specifically inhibits the activity of one chemokine to a greater extent 
than other chemokines. Yet another preferred therapeutic agent of die invention 
mimics the activity of a chemokine, e.g., it acts as an agonist. Thus, therapeutic 
10 agents that are chemokine antagonists and agonists are within the scope of the 
invention. A further preferred therapeutic agent of the invention is an agent that 
does not inhibit or mimic the activity of a chemokine but binds to or near the 
receptor for that chemokine, i.e., it is a neutral agent 

A preferred embodiment of the invention is an isolated and purified CC 
15 chemokine peptide 3, e.g., a peptide derived firom MCP-1 which corresponds to 
about residue 46 to about residue 67 of mature MCP-1 ("peptide 3[MCP-1]*'), a 
variant, an analog, or a derivative thereof It is contemplated that chemokine peptide 
3, a variant, an analog or a derivative thereof is a chemokine receptor antagonist, 
although these therapeutic agents may exert their efiTect by a different mechanism, 
20 e.g., by inhibiting the arachidonic acid pathway (e.g., inhibition of leukotriene, 
thromboxane, or prostaglandin syndesis or stability) or by elevating TGF-beta 
levels, or by more than one mechanism. 

A preferred peptide 3 of the invention is a compound of formula (£): 

[[(X>(X^)-C-(X)-(X V]a-[(x^)-(Z)-^^^^ b ] c 

25 wherein is E, Q, D, N, L, P, I or M, wherein is I, V, M, A, P, norleucine or L, 
wherein X is A, L, V, M, P, norleucine or I, wherein X^ is K, S, R, R, Q, N or T, 
wherein Z is Q, K, E, N, R, I, V, M, A, P, norleucine or L, wherein X^ is D or P, 
wherein X^ is K, E, R, S, Q, D, T, H or N, wherein X' is V, L, M, P, A, norleucine, 
or I, wherein X^ is Q, N, K or R, wherein a is 0-6, wherein b is 0-6, and wherein c is 
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1-6, with the proviso that a and b cannot both be 0. The letters in formulas (I)-(in) " 
that arc not X, Y or Z represent peptidyl residues as shown in Figure 13. A more 
preferred peptide 3 of the invention is a compound of formula (I): 

[[(X^^K-(X)-D.PH(XMZ)-^^^^ b ] c 

5 vdiereinX^isE,QorM, whereinX^isI, VorL, whereinXisA,LorI, whereinX^ 
is K, S or T, wherein Z is Q, K, E or L, wherein XMs K, E, R, S or T, wherein X' is 
V or I, wherein X* is Q or R, wherein a is 0-6, wherein b is 0-6, and wherein c is 1- 
6, with the proviso (hat a and b cannot both be 0. 

Yet another preferred peptide 3 of the invention is a compound of 
10 formula (H): 

[[(X^)<Z)-(X^)]3-[W-(X^).(X^)] , ] , 
wherein X^ is K, S or T, wherein Z is Q, K, E or L, wherein X^ is K, E, R, S or T, 
wherein X* is V or I, wherein X* is Q or R, wherein a is 0-6, wherein b is 0-6, and 
wherein c is 1-6, with the proviso that a and b cannot both be 0. 
15 Another preferred peptide 3 of the invention is a compound of formula (IT): 

[[(X^HZ)-(XO].-[W-(X»HX^)] J, 
wherein X^ is K, S, R, R, Q, N or T, wherein Z is Q, K, E, N, R, I, V, M, A, P, 
norleucine or L, wherein X^ is E, R, S, Q, D, T, H or N, wherein X^ is V, L, M, P, 
A, norleucine, or I, wherein X^ is Q, N, K or R, wherein a is 0-6, wherein b is 0-6, 
20 and wherem c is 1-6, with the proviso that a and b caimot both be 0. 

A more preferred peptide 3 of the invention is a compound of formula (X): 
(X«)-(X)-D-(X2)-CX^)-(Z)-(X0-W-(X0-Q-(X^) 
wherein X is A, L, V or I, wherein 3? is P, G or L, wherein X* is K, T, R or N, 
wherein Z is Q, K, A or L, wherein XMs K, E, R, Q or P, wherein X* is V, L, A, M, 
25 F or I, and wherein X^ and X^ are independently C or absent. 

A preferred embodiment of the invention is an isolated and purified CC 
chemokine peptide 3, e.g., a peptide derived from MCP-1 which corresponds to 
SEQ m N0:1 ("peptide 3(1-12)[MCP-1]") or SEQ ID N0:7 ("peptide 3(3- 
12)[MCP-1]")> a fragment, a variant, an analog, or a derivative thereof. As 
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described hereinbelow, peptide 3(1-12)[MCP-1](SEQ ID N0:1) and peptide 3(3- 
12)[MCP-1] (SEQ ID N0:7) are pan-chemokine inhibitors, bioavailable, and have 
desirable pharmacokinetics. Another preferred CC chemokine peptide 3 of the 
invention is peptide 3[MIPla], and more preferably peptide 3(l-12)[MIPla] which 
5 has an amino acid sequence corresponding to SEQ ID NO:42, a variant, an analog, a 
fragment or a derivative thereof. 

Further preferred embodiments of the invention are a CC chemokine peptide 
3 such as peptide 3(l-12)[MCP-4] (e.g., SEQ ID NO:65), peptide 3(1-12)[MCP- 
3](e.g., SEQ ID NO:66), peptide 3(M2)[MCP-2] (e.g., SEQ ID NO:67), peptide 
10 3(l-12)[eotaxin] (e.g., SEQ ID NO:68), peptide 3(l-12)[MIPla],(e.g., SEQ ID 
NO:42), peptide 3(l-12)[MIPip] (e.g., SEQ ID NO:43), peptide 3(1- 
12)[RAlNrrES](e.g., SEQ ID NO:44), or a fragment thereof. 

Another preferred embodiment of the invention includes a CXC chemokine 
peptide 3, a variant, an analog or a derivative thereof. A preferred CXC peptide 3 of 
15 the invention is a compound of formula (US): 

wherein is E or K, wherein X^ is I, A, R or L, wherein X is D or N, wherein is 
Q, P or L, wherein X^ is E, K, D, A or Q, wherein Z is A, R, S or E, wherein X' is 
P, N or K, wherein X* is F, W, R, I, M, L or A, wherein X* is L, V, Y or I, wherein 

20 X^ is K or Q, wherein a is 0-6, wherein b is 0-6, and wherein c is 1-6, with the 
proviso that a and b cannot both be 0. 

Further preferred embodiments of the invention are a CXC chemokine 
peptide 3 such as peptide 3(M2)[IL8] (e.g., SEQ ID NO:40), peptide 3(1-12)[SDF- 
l](e.g., SEQ ID NO:38), peptide 3(M2)[ENA-78](e.g., SEQ ID N0:41), peptide 

25 3(1.12)[GROa](e.g., SEQ ID NO:72), peptide 3(M2)[GROP](e.g., SEQ ID 
NO:73), peptide 3(l-12)[GROY](e.g., SEQ ID NO:74), or fragments thereof. 

Yet other preferred embodiments of the invention are a CXjC, CX3C or C 
chMnokine peptide 3, a variant, an analog or a derivative thereof. 
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Preferably, a chemokine peptide 3, its variants, analogs or derivatives 
inhibits the arachidonic acid pathway, e.g., inhibits the synthesis or stability, or 
binding, of thromboxane, prostaglandin, leukotriene, or any combination thereof. 
Other compounds of the invention include compounds of formula (Vm): 




wherein 

R is (CpQ)alkyl, (C,-Q)alkanoyl, aryl, heteroaryl, (C,-C6)alkoxycarbonyl, 
or benzyloxycarbonyl, wherein aryl, heteroaryl, and the phenyl ring of the 
10 benzyloxycaifoonyl can optionally be substituted with one or more (e.g. 1, 2, 3, or 4), 
halo, hydroxy, cyano nitro, trifluoromethyl, trifluoromethoxy, (Ci-C6)allg^l, (C,- 
C6)alkoxy, (Ci-C5)alkanoyl, {C2'C^)2ilkanoyloxy or (C,-C6)alkoxycarbon)4; 

R' is (C|-C^alkoxy, aiyloxy, or NR^R,^ wherein R^ and R^, are each 
independently hydrogen, (Ci-C5)alkyl, aryl, benzyl, or phenethyl; or R^, and R^, 
1 S together with the nitrogen to which they are attached are a S-6 membered 
heterocyclic ring (e.g. pyrrolidine, piperidino, or morpholino); and 

each R" is independently hydrogen, (C,-C6)alkyl, phenyl, benzyl, or 
phenethyl; 

or a pharmaceutically acceptable salt thereof. Preferably, R is 
20 benzyloxycarbonyl and K is dimethylamino or diethylamino, or R is 
benzyloxycarbonyl; and R' is benzyloxy. 

Other compounds of the invention include compounds of formula (IX): 
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wherein 

R is (C,-C5)alkyl, (Ci-C6)alkanoyI, aryl, heteroaryl, (Cj-C6)alkoxycarbonyl, 
or benzyloxycarbonyl, wherein aryl, heteroaryl, and the phenyl ring of the 
benzyloxycarbonyl can optionally be substituted with one or more (e.g. 1, 2, 3, or 4), 
5 halo, hydroxy, cyano nitro, trifluoromethyl, trifluoromethoxy, (C,-C5)alkyl, (C,- 
Cfi)alkoxy, (C,-C6)alkanoyl, (C2-Q)alkanoyloxy or (CrC6)alkoxycarbonyl; 

R* is (C,-C6)alkoxy, aryloxy, or NR^R^, wherein R, and R^ are each 
independently hydrogen, (Cj-C^alkyl, aryl, benzyl, or phenefliyl; or R,, and R^ 
together with the nitrogen to which they are attached are a 5-6 membered 
10 heterocyclic ring (e.g. pyirolidino, piperidino, or morpholino); and 

each R" is independently hydrogen, (C,-C6)alkyl, phenyl, benzyl, or 
phene&yl; 

or a pharmaceutically acceptable salt thereof. Preferably, R is 
benzyloxycarbonyl and R* is dimethylamino or diethylamino, or R is 

1 5 benzyloxycarbonyl; and R' is benzyloxy . 

Another preferred embodiment of the invention includes a chemokine 
peptide 3 that is at least a tripeptide, a variant thereof or a derivative thereof. A 
preferred embodiment of the invention is the MCP-1 tripeptide KQK (i.e., peptide 
3(9-12)[MCP-l], which specifically inhibits MCP-1, but not MlPla, IL8 and 

20 SDFla, chemokine-induced activity. Other preferred embodiments of the invention 
include isolated and purified chemokine tripeptides that specifically inhibit IL8, 
MlPla, SDFl, murine MCP-1, MCP-2, MCP-3, and MDPlp, e.g., KEN, SEE, KLK, 
KKE, KER, TQK, and SES, respectively. A fiarther preferred embodiment of the 
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invention is a chemokine peptide 3 tripeptide that inhibits the activity of more than 
one chemokine, e.g., WVQ or WIQ. Preferably, a tripeptide of the invention is not 
RFK. 

Yet another embodiment of the invention is a peptide which includes the 
S amino acid sequence KXK, whmm X is an amino acid, preferably one of the 
twenty naturally occurring amino acids, and which peptide is a chemokine 
antagonist, activates TGF-beta (TGF-betal, TGF-bcta2, TGF-beta3, or a 
combination thereof), or a combination thereof. Preferably, the peptide increases the 
activation of TGF-betal. It is prefened that a peptide which includes the amino acid 

10 sequence KXK is less than about 15, preferably about 10, and more preferably about 
8 amino acid residues in length. Preferably, the peptide is not KKFK or RKPK. A 
further embodiment of the invention is a peptide which includes a basic amino acid 
residue followed by phenylalanine followed by another basic residue, wherein the 
peptide is not RFK, is not KRFK, or does not contain RFK or KRFBL 

1 5 Another preferred peptide of the invention is a compound of formula (VII): 

(X'>-(Y).(K)-(X>K-(X^) 
wherein X^ is V, A, D, E, P, R, C, H, M, F, K, L, N, Q, Y, or I; wherein Y is absent 
or is an amino acid that is not R or K; and wherein X^ and X^ are independently 0-20 
amino acid residues or absent Preferably, X^ is F, K, L, N, Q, Y, or I. More 

20 preferably, X^ is F, K, L, N, Q, Y, or I, and Y, X' and X^ are absent 

To identify a peptide of the invention usefiil in the methods of the invention, 
a sequence comparison of chemokines from different species is performed. Then 
the cross-reactivity of a non-human chemokine for the human receptor is assessed. 
A preferred chemokine is one from a species which has the least sequence homology 

25 to the corresponding human chemokine, but which still cross-reacts by binding to 
the human receptor. Regions which have a high degree of sequence similarity or 
identity are employed to prepare a peptide of the invention. For example, to 
identify peptides of TGF-beta having antagonist, agonist or neutral properties, the 
amino acid sequence of human TGF-beta was compared to that of Xenopus. 
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Peptides identified by this method include LYIDFRQDLGWKW ("Tl"; SEQ ID 
N0:1 1 1); HEPKGYHANFC CTr; SEQ JD N0:1 12); VYYVGRK ("13"; SEQ ID 
NO: 1 13) and KVEQLSNMWKSC ("T4"; SEQ ID NO: 1 14). Biotinylated Tl 
bound to the TGF-beta receptor of THP-1 cells with an ED50 of 18 jiM and is a 
S receptor neutral agent (i.e., neither agonist nor antagonist). Biotinylated T2 bound 
to the TGF-beta receptor of THP-1 cells with an EDjo of 30 fiM and is a weak 
receptor antagonist 

Another preferred embodiment of the invention is an isolated and purified 
CC chemokine peptide 2, such as a peptide corresponding to SEQ ID N0:3 

10 ^peptide 2(M5)[MCP-1]"), SEQ ID N0:5 ("peptide 2(l-14)[MIPla]'0, a 
fragment, a variant, an analog, or a derivative thereof. It is contemplated that 
chemokine peptide 2, a variant, ah analog or a derivative thereof is a chemokine 
receptor agonist, although these therapeutic agents may exert their effect by a 
different mechanism, or by more than one mechanism. It is also envisioned that 

IS chemokine peptide 2, a variant, an analog or a derivative thereof is a chemokine 
receptor antagonist Preferably, a variant, an analog or a derivative of peptide 2 has 
reduced Duffy antigen binding, and also preferably, enhanced receptor binding 
properties, relative to the corresponding peptide 2 having a native or wild-type 
amino acid sequence. 

20 Other preferred CC chemokine peptides 2 include peptide 2(1-14)[MIP1 P] 

(e.g., SEQ ID NO:60), peptide 2(1-15)[RANTES] (e.g., SEQ ID N0:61), peptide 
2(M5)[MCP-2] (e.g., SEQ ID NO:62), peptide 2(l-15)[MCP-3](e.g., SEQ ID 
NO:63), peptide 2(M5)[MCP-4] (e.g., SEQ ID NO:64), peptide 2(l-15)[eotaxinl 
(e.g., SEQ ID NO:75), or a fragment thereof. 

25 Another preferred embodiment of the invention includes a CXC chemokine 

peptide 2, a variant, an analog or a derivative thereof. Preferred CC chemokine 
peptide 2 includes peptide 2(1-15)[IL8] (e.g., SEQ ID N0:6), peptide 2(1-15)[SDF1 
(e.g., SEQ ID N0:4), peptide 2(1-15)[ENA78] (e.g., SEQ ID NO:59), peptide 2(1- 
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15)[GR0a] (e.g., SEQ ID NO:69), peptide 2(l-15)[GROp](e.g.^SEQ ID NO:70), " 
peptide 2(1-15)[GROy] (e.g., SEQ ID N0:71), or a fragment thereof. 

Yet another preferred embodiment of the invention is a CXjC, CX3C or C 
chemokine peptide 2, a variant, an analog or a derivative th^eof. 
5 Other preferred peptide 2s include TSSKC (peptide 2(1-5)[MIP-1]; SEQ ID 

NO:102); DYFETSSQC (peptide 2(I-9)[MIPla]; SEQ ID NO:103); CSKPGV 
(peptide 2(9-14)[MIPla]; SEQ ID NO:104); HLKILNTPNCALQIV (peptide 2(1- 
5)[MIP-la]; SEQ ID NO:105); SYRRTTSSK (peptide 2(l-5)[MCP.l]; SEQ ID 
NO:106); CPKEAV (peptide 2(10.15)[MCP-1]; SEQ ID NO:107); SYRRI (peptide 

10 2(1-5)[MCP-1]; SEQ ID NO:108); and CSYRRTTSSKSPKEAVC (SEQ ID 
N0:1 10); as well as a peptide having D isomers of the sequence 
VGPKSCQSSTEFYD (corresponding to residues M4 of peptide 2(M4)[MIPla], 
lowercase letters are used herein to indicate D isomers as well as the letter "D" in 
CRD and LRD); a peptide corresponding to vaekpcksstirry; and a variant peptide 2 

15 of vgpkscqsstefyd (LRD peptide 2(l-14)[MIPla] which includes a D isomer of 
serine at position 10, and the D isomer of cysteine at the amino and carboxy termini 
of the peptide (designated LRD-CySoSer,oCys,6 peptide 2(1-15)[MCP-1], where L = 
linear, F = forward, D = D isomer). 

A more preferred peptide 2 of the invention is a compound of formula (XII): 

20 C.(X)-Y-(X2)-(X^)-(Z)-T-(X^)-(X^)"(X')-C-(X«).^^ 

wherein X is S or D, wherein X^ is R, K, F or Y, wherein X^ is R, E or F, wherein Z 
is T or a peptide bond, wherein X^ is S or N, wherein X^ is S or I, wherein X' is K, 
R, Q or L, wherein X* is P or S, wherein X^ is K, R or Q, wherein X^ is E or P, and 
wherein X'° is A or G. 

25 Also provided is an isolated and purified chemokine peptide variant, or a 

derivative thereof A chemokine peptide variant has at least about 50%, preferably 
at least about 80%, and more preferably at least about 90% but less than 100%, 
contiguous amino acid sequence homology or identity to the amino acid sequence of 
the corresponding native chemokine, e.g., Ser7 peptide 3(1-12)[MCP1] (SEQ ID 
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NO: 1 1) has less than 1 00% contiguous homology to the corresponding amino acid - 
sequence of MCP-1, i.e., a peptide having SEQ ID NO:L A preferred peptide 3 
variant is Leu4lle,ipeptide 3(3-12)[MCP-l]. 

The invention also provides derivatives of chemokine peptides and peptide 

5 variants. A preferred derivative is a cyclic reverse sequence D isomer (CRD) 
derivative of a chemokine peptide, a variant or an analog thereof of the invention. 
For example, LRD derivatives of peptide 2, CRD-CySoSer,oCySi6 peptide 2[MCP-1] 
and CRD-CyS|3Leu4lle„peptide 3(3-12)[MCP-l] are aompounds of the invention 
that are particularly useful in the practice of the methods of the invention, as 
10 described hminbelow. 

Also provided are certain analogs of chemokines. In particular, analogs of 
chemokine peptide 2, chemokine peptide 3, or variants thereof are contemplated. A 
preferred analog of chemokine peptide 3 is an analog of WIQ. Thus, a preferred 
chemokine analog of the invention includes a compound of formula (TV): 

15 




wherein is aryl, heteroaryl, aryl(C,-C3)alkyl, heteroaryl(C,-C3)alkyl, 
coumaryl, coumaryl(C,-C3)alkyl, chromanyl or chromanyl(Ci-C3)alkyl; wherein any 
aryl or heteroaryl group, or the benz-ring of any coumaryl or chromanyl group may 
20 optionally be substituted with one, two or three substituents selected from the group 
consisting of halo, nitro, cyano, hydroxy, (C,-C6)alkyl, (C,-Ce)alkoxy, 
(CrQalkanoyl, (C2-Q)alkanoyloxy, .C(=0)(CrQ)alkoxy, C(-0)NRql^ NR^R^; 

wherein R^ is (CrC,o)alkyl, (C3-C6)cycloalkyl, (C3- 
C6)cycloalkyl(CrC6)alkyl, (C,-C,o)alkoxy, (C3-C6)cycloalkyl(C,-C6)alkoxy or 
25 N(R«)(R*0; 
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wherein is (C,"C,o)alkyl, (C3-C6)cycloalkyl, (C^- 
Q)cycloalkyl(C,-C6)aIkyl, (C,-C,o)alkoxy, (C3-C6)cycloalkyl(C,-C6)alkoxy or 
N(RO(R'); 

wherein Y is oxo or thioxo; 
5 wherein Z is (Ci-C,o)alkyl, (C3-C6)cycloalkyl, (C3-C6)cycloalkyl(CrQ)alkyI, 

(CrC,o)alkoxy, (C3-Q)cycloalkyl(CrC6)alkoxy orN(RO(RO; and 

wherein R'-R* are each independently hydrogen, (C,-C,o)alkyl, 
(C,-Cn^alkanoyl, phenyl, benzyl, or phenethyl; or R* and R^ R' and R^ R* and R*^, R« 
and R\ or R* and R^ together with the nitrogen to which they are attached form a ring 
10 selected from pyrrolidino, piperidino, or morpholino; or a phamaceutically 
acceptable salt thereof. 

A preferred embodiment of a compound of formula (IV) includes a 
compound of a formula (TV) wherein R* is aryl, beteroaryl, coumaryl, or chromanyl. 
Preferably aiyl is phenyl; and beteroaryl is indolyl or pyridinyL Another preferred 
1 5 embodiment of a compoimd of formula (IV) includes a compound of a formula (IV) 
wherein R^ is N(R*)(R^); and R^ is N(RO(R*'). Yet another preferred embodiment of 
a compound of formula (TV) includes a compound of a formula (IV) wherein Z is 
(C,^,o)alkyL 

A further preferred compound is a compound of formula (IV) wherein R' is 
20 indolyl; R^ is N(R")(R*0; R^ is N(R^(R*^; Y is S; Z is hydrogen; and R», R^ R\ and 
R^ are each methyl. 

Another preferred analog of chemokine peptide 3 is an analog of KXK. 
Thus, the invention includes a compound of formula (V): 
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wherein 

RMsNRfcR,; 
RMsNR„R,; 

S is the side chain of a natural or unnatural amino acid or is 

-(CH2)A=0)NR,R,; 

R* is hydrogen, hydroxy, (CrCio)aIkyl, (C3-Q)cycloalkyl, (C3- 
C6)cycloalkyl(C,-C6)alkyl, (CrC,o)alkoxy. (C3-Q)cycloalkyl(C,-C6)alkoxy, NR^R,, 
the amino terminus of an amino acid or the N-terminal residue of a peptide of 2 to 
10 about 25 amino acid residues; 

Rk, R„ and R^ are each independently hydrogen, (C,-C^o)alkyI, (C3- 
C6)cycloalkyl, (C3-C6)cycloalkyl(Ci-C6)alkyl, (C,-C,o)alkanoyl, phenyl, benzyl or 
phenethyl; 

R^ are R„ are each independently hydrogen, (Ci-C|o)alkyl, (C3-C5)cycloalkyl, 
15 (C3-Ce)cycloalkyl(CrC6)alkyl, (Ci-C,o)alkoxy, (CrC,o)alkanoyl, (C,- 

C,o)alkoxycarbonyl, 9-fluorenylmethoxycarbonyl, phenyl, benzyl, phenethyl, the C- 
terminal residue of an amino acid or a peptide of 2 to about 25 amino acid residues; 

Rj, are Ry are each independently hydrogen, (C,-C,o)alkyl, (C3-Q)cycloalkyl, 
(C3-C6)cycloalkyl(C,-Cfi)alkyl, phenjd, benzyl or phenethyl; 
20 wherein R, are R, are each independently hydrogen, (C,-C,o)alkyl, (C3- 

C6)cycloaIkyl, (C3-C5)cycloalkyl(C,-C6)alkyl, phenyl, benzyl or phenethyl; or a 
phannaceutically acceptable salt thereof. 

Preferably R^, R,, R^, and Rp are each hydrogen; R„ are R^ are each 
independently hydrogen, acetyl, (C,-Cio)alkyl, (C3-C6)cycloalkyl, propoxy, butoxy, 
25 /er/-butoxycarbonyl, 9-fluorenylmethoxycarbonyl or the C-terminal residue of an 
amino acid or a peptide of 2 to about 25 amino acid residues; and R^ are R^ are each 
independently hydrogen, (C,-C,o)alkyl, or (C3-C6)cycloalkyl. 
Preferably, R' is '{Cil^Ci^ym^ 
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Preferably, is methyl, 3-guanidmopropyl, aminocarbonylmethyl, 
carboxymethyl, mercaptomethyl, (2-carboxy-2-aminoethyl)dithiomethyl, 2- 
carboxyethyl, 2-(aniinocarbonyl)ethyl, hydrogen, 5-imadazoyhnethyl, 4-amino-3- 
hydroxypropyl, 2-biityl, 2-meth5dprop-l-yl, 4-aminobutyl, 2-(methylthio)ethyl, 

5 benzyl, hydroxymethyl, 1-hydroxyethyl, 3-indolyhnethyl, 4-hydroxybenzyl, or 
isoprop^l. 

More preferably, is hydrogen, benzyl, 4-hydroxybenzyl, methyl, 2- 
hydroxymetfayl, or mercaptometb^. 

A preferred compound of formula (V) includes an analog of KGK, KFK, 
10 KYK, KAK, KSK, KCK or KQK. For example, an analog of KQK includes a 
compound of formula (V): 




wherein R'* is NRfcR|; 

wherein is NR„R„; 
15 wherein R^ is NR^; 

wherein R^ is NRJR,; 

wherein R* is hydrogen, hydroxy, (C,-C,o)alkyl, (C3-C6)cycloalkyl, (C3- 
Q)cycloalkyl(C,-C6)alkyl, (Ci-C,o)alkoxy, (C3-Qcycloalkyl(C,-Q)alkoxy, NR^R^, 
the amino terminus of an amino acid or the N-terminal residue of a peptide of 2 to 
20 about 25 amino acid residues; 

wherein Rj^, R,, R^, and Rp are each independently hydrogen, (C,-Cjo)alkyI, 
(C3-C6)cycloalkyl, (C3-C6)cycloalkyl(C,-C6)alkyl, (Ci-Cio)alkanoyl, phenyl, benzyl 
orphenethyl; 
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wherein are R„ are each independently hydrogen, (C,-C,o)alkyl, (C3- 
C6)cycloalkyl, (C3-C5)cycloalkyl(C,-Q)alkyl, (C,-C,o)alkoxy, (CrC,o)alkanoyl, (C,- 
C,o)alkoxycarbonyl, 9-fluorenybnethoxycarbonyl, phenyl, benzyl, phenethyl, the C- 
tenninal residue of an anuno acid or a peptide of 2 to about 25 amino acid residues; 

5 wherein are are each independently hydrogen, (C,-C,o)alkyl, (C3- 

C6)cycloaIkyl, (C3-C6)cycloalkyl(C,-C6)allg^l, phenyl, benzyl or phenethyl; 

wherein R, are are each independently hydrogen, (C,-C,o)alkyl, (C3- 
Q)cycloalkyl, (C3-C6)cycloalkyI(C|-C6)alkyI, phenyl, benzyl or phenethyl; or a 
pharmaceutically acceptable salt thereof. 

10 Preferably R^^, Rj, R^, and Rp are each hydrogen; R^ are R„ are each 

independently hydrogen, acetyl, (C,-C,o)alkyl, (C3-C6)cycloalkyl, propoxy, butoxy, 
rer/-butoxycarbonyl, 9-fluorenylmethoxycarbonyl or the C-terminal residue of an 
amino acid or a peptide of 2 to about 25 amino acid residues; and R^ are R^ are each 
independently hydrogen, (C,-C,o)alkyl, or (C3-C6)cycloalkyl. 

1 5 Another preferred analog of chemokine peptide 3 is an analog of WVQ (see 

Figure 8). Thus, the invention provides a compound of formula (VI): 




wherein 

R'°isNR»R^; 

R" is aryl, heteroaryl, aryl(C,-C3)alkyl, heteroaiyl(C,-C3)alkyl, coumaryl, 
20 coumaryl(C,-C3)alkyl, chromanyl or chromanyl(Ci-C3)alkyl; wherein any aryl or 
heteroaryl group, or the benz-ring of any coumaryl or chromanyl group may 
optionally be substituted with one, two or three substituents selected from the group 
consisting of halo, nitro, cyano, hydroxy, (C,-C6)alkyl, (C|-C6)alkoxy, 
(C,-C^alkanoyl, (C2-C6)alkanoyloxy, -C(=0)(CrC6)alkoxy, C(=0)NRqi\ NR^R^; 
25 R*Ms(C,-C5)alkyl; 
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is (CrC,o)alkyl, (C3-C6)cycloalkyl, (C3-Ce)cycloalkYl(CrC6)alkyl, (C,- ^ 
C,o)alkoxy, (C3«C6)cycloalkyl(CrC5)alkoxy, hydroxy, orNCR'OCR*'); 

R'* is (CrC,o)alkyl, (C3.Q)cycloalkyl, (C3.C5)cycloalkyl(CrQ)alkyl, (C,- 
C,o)alkoxy, (C3.Ce)cycloalkyl(C,-C6)alkoxy orN(RO(R^; 
5 Y is oxo or ihioxo; 

wherein R'-K are each independently hydrogen, (C|-Cio)alkyl, 
(Ci-C,o)alkanoyl, phenyl, benzyl, or phenethyl; or R' and R^ R'^and R**, and R^, R« 
and R*^ or R' and R^ together witfi the nitrogen to which they are attached form a ring 
selected from pyrrolidino, piperidino, or morpholino; or a pharmaceutically 
1 0 acceptable salt thereof. 

Preferably, R'°is amino; R^* is 2-benzimidazolyl; R^^ is (Ci-C6)alkyl; R^^ is 
hydroxy; and R'^ is amino. 

It is envisioned that the therapeutic agents of the invention include 
compounds having a chiral center that can be isolated in optically active and racemic 
IS forms. 

Further provided are isolated and purified nucleic acid molecules, e.g., DNA 
molecules, comprising a preselected nucleic acid segment which encodes at least a 
portion of a chemokine, i.e., they encode a chemokine peptide or a variant thereof as 
described herein, e.g., a chemokine 3 peptide, a variant or derivative thereof or a 

20 chemokine peptide 2, a variant or derivative thereof. For example, &e invention 
provides an expression cassette comprising a preselected DNA segment which codes 
for an RNA molecule which is substantially identical (sense) to all or a portion of a 
messenger RNA ("target" mRNA), i.e., an endogenous or "native" chemokine 
mRNA. The preselected DNA segment in the expression cassette is operably linked 

25 to a promoter. As used herein, "substantially identical" in sequence means that two 
nucleic acid sequences have at least about 65%, preferably about 70%, more 
preferably about 90%, and even more preferably about 98%, contiguous nucleotide 
sequence identity to each other. Preferably, the preselected DNA segment 
hybridizes under hybridization conditions, preferably under stringent hybridization 
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conditions, to a nucleic acid molecule encoding the corresponding native 
chemokine. 

The present invention also provides isolated and purified DNA molecules 
which provide '*anti-sense" mRNA transcripts of the DNA segments that encode a 

5 chemokine which, when expressed from an expression cassette in a host cell, can 
alter chemokine expression. As used herein, the term "antisense" means a sequence 
of nucleic acid which is the reverse complement of at least a portion of a RNA 
molecule that codes for a chemokine. Preferably, the antisense sequences of the 
invention are substantially complementary to a DNA segment encoding a peptide or 

10 peptide variant of the invention. As used herein, "substantially complementary" 
means that two nucleic acid sequences have at least about 65%, preferably about 
70%, more preferably about 90%, and even more preferably about 98%, contiguous 
nucleotide sequence complementarity to each other. A substantially complementary 
KNA molecule is one that has sufficient sequence complementarity to the mRNA 

IS encoding a chemokine so as to result in a reduction or inhibition of the translation of 
the mRNA. It is envisioned that the duplex formed by the antisense sequence and 
the mRNA inhibits translation of tiie mRNA, as well as promotes RNA degradation, 
although anti-sense sequences may exert their effect by other mechanisms, or by a 
combination of mechanisms. Preferably, the preselected antisense DNA segment 

20 hybridizes under hybridization conditions, preferably under stringent hybridization 
conditions, to a nucleic acid molecule comprising the corresponding chemokine 
gene. 

The introduction of chemokine sense or antisense nucleic acid into a cell ex 
vivo or in vivo can result in a molecular genetic-based therapy directed to controlling 
25 the expression of the chemokine. Thus, the introduced nucleic acid may be useful to 
correct or supplement the expression of the gene in patients with a chemokine- 
associated indication. For example, the administration of an expression vector 
encoding a peptide of the invention which is a chemokine receptor agonist may 
increase the chemokine signaling and thus be efBcacious for diseases which are 
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characterized by decreased levels of the chemokine. Likewise, t)ie administration of - 

an expression vector comprising antisense chemokine sequences may be useful to 

prevent or treat a disorder associated with increased chemokine expression. For 

example, an expression vector containing antisense peptide 3(1-12)[MCP-1] which 

5 is introduced into the lungs may be efficacious to prevent or treat asthma. 

Also provided are pharmaceutical compositions, delivery systems, and kits 
comprising the thenq)eutic agents of the invention. 

The invention further provides methods to treat chemokine-associated 
indications. For example, the invention provides a method of preventing or 

10 inhibiting an indication associated vAih chemokine-induced activity. The method 
comprises administering to a mammal afOicted with, or at risk of, fhe indication an 
amount of a chemokine peptide 3, a chemokine peptide 2, a fragment thereof, a 
variant thereof, a derivative th^eof, a compound of formula (Vn)> a compound of 
formula (VIII), a compound of formula (IX), a compound of formula (X), a 

1 5 compound of formula (XI), a compoimd of formula (XII), or a combination thereof, 
effective to prevent or inhibit said activity. Preferably, the peptide is not an IL-8 
peptide, a NAP-2 peptide, or a PF4 peptide. Preferably, the administration is 
effective to inhibit the activity of more than one chemokine (i.e., the peptide is a 
pan-selective inhibitor). Preferred pan-chemokine inhibitors are WVQ, WIQ, 

20 Leu4lle„peptide 3(3-12)[MCP-l], Leu^lcnpeptide 3(l-12)[MCP.l] and CRD- 
Cys,3Leu4lle„peptide 3(3-12). These agents are useful to treat indications such as 
multiple sclerosis, asthma, psoriasis, allergy, rheumatoid arthritis, organ transplant 
rejection, and autoimmune disorders. Preferred chemokine peptides useful to treat 
or inhibit these indications include peptide 2 and/or peptide 3 from MCP-1 , MCP-2, 

25 MCP-3, MCP-4, RANTES, MlPla, ENA78, MG, GROP, eotaxin, IPIO, MIPP and 
SDF-1. 

The invention also provides a method of treating a manomal afQicted with, or 
at risk of, an indication associated with chemokine-induced activity, comprising: 
administering to the manunal an effective amount of a compound of formula (TV): 
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R3 (IV) 



wherein R' is aiyl, heteroaryi, coumaiyl or chromanyl; whaein is N(R*)(R'0; 
wherein R' is N^ROCR*^; wherein Y is oxo or thioxo; wherein Z is (C,-C,o)alkyI; 
wherein R'-R*" are each independently hydrogen, (C,-C,o)alkyl, (C,-C,o)alkanoyl, 
phenyl, benzyl or phenefliji; or wherein R* and R\ or R' and R^ togethear with the 
5 nitrogen to which they are attached form a pynoUdino, piperidino or morpholino 
ring; or a pbarmaceutically acceptable salt thereof. 

F;irther provided is a mediod of treating a mammal afflicted with, or at risk 
of, an indication associated with chemokine-induced activity, comprising: 
administering to the mammal an effective amount of a compoimd of formula (V): 



wherein R* is NRtR,; R* is NR„R„; R* is NR^; R' is the side chain of a natural or 
unnatural amino acid or is -(CH2)2C(=0)NRJEl^ R' is hydrogen, hydroxy, (C,- 
C,o)alkyl, (C3-Q)cycloalkyI, (C3-Q)cycloalkyl(C,-Cs)alkyl, (C,-C,o)alkoxy, (Cj- 

15 Q)cycloalkyI(C,-Cs)alkoxy, NR^, the amino terminus of an amino acid or tiie N- 
terminal residue of a p^tide of 2 to about 25 amino acid residues; R^ R,, R^, and Rp 
are each independently hydrogen, (C,-C,o)alkyl, (C3-Cs)cycloalkyl, (Cj- 
C6)cycloalkyl(C,-C6)alk)d, (C,-Cio)alkanoyl, phenyl, braizyl orphenethyl; 
R„ are R, arc each independently hydrogen, (C,-C,o)alkyl, (C3-C6)cycloalkyl, (C,- 

20 Cj)cycloalkyl(C,-Cj)alkyl, (C,-C,a)alkoxy, (C,-C,o)alkanoyl, (C,- 
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C,o)alkoxycarbonyl, 9-fluorenylmethoxycarbonyl, phenyl, benzyl, phenethyl, the C- - 
teixninal residue of an amino acid or a peptide of 2 to about 25 amino acid residues; 

are are each independently hydrogen, (CrCjo)alkyl, (Cj-C^cycloalkyl, (C3- 
C6)cycloalkyl(C,-Q)alkyl, phenyl, benzyl or phenethyl; wherein R, are are each 
5 independently hydrogen, (C,-C,o)alkyi, (C3-C6)cycloalkyl, (C3-C6)cycloalkyI(C,- 
C^dlkyl^ phenyl, benzyl or phenediyl; or a pharmaceutically acceptable salt thereof. 

Also provided is a method of treating a mammal afflicted with, or at risk of; 
an indication associated with chemokine-induced activity, comprising: 
administering to the mammal an effective amount of a compound of formula (VI): 



10 wherein 

R" is aryl, heteroaiyl, aiyl(C,-C3)alkyl, heteroaryl(C,-C3)alkyl, coumaryl, 
couraaryl(Ci-C3)alkyl, chromanyl or chromanyl(C,-C3)alkyi; wherein any aryl or 
heteroaiyl group, or the benz-iing of any coumaryl or chromanyl group may 
1 5 optionally be substituted with one, two or three substituents selected from the group 
consisting of halo, nitro, cyano, hydroxy, (C,-C6)alkyl, (C|-C6)alkoxy, 
(CrC6)alkanoyl, (C2-Q)alkanoyloxy, .C(K))(CrC5)alkoxy, C(=0)NR8R\ NRTR^; 
R^^ is (CrQ)alkyl; 

R" is (C,-C,o)alkyl, (C3-Q)cycloaIkyl, (C3-C5)cycloalkyl(CrQ)alkyl, (Cp 
20 C,o)alkoxy, (C3-Q)cycloalkyl{CrQ)alkoxy, hydroxy, or N(R")(R*»); 

R'^ is (CrC,o)aIkyl, (C3-Q)cycloalkyl, (C3-Q)cycloalkyl(CrQ)alkyl, (C,- 
C,o)alkoxy, (C3-Q)cycloalkyl(C,-Q)alkoxy or N(R^)(R^); 
Y is 0x0 or thioxo; 

wherem R^-R' are each independently hydrogen, (C,-Cio)alkyl, 
25 (CrC,o)alkanoyl, phenyl, benzyl, or phenethyl; or R' and R^ R^ and R**, R* and R^, R« 
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and R^or R' and R^ togeiher with the nitrogen to which they are attached form a ring 
selected from pyrrolidino, piperidino, or morpholino; or a phannaceutically 
acceptable salt thereof. 

The invention further provides a method to increase, augment or enhance a 
5 chemoldne-associated inflammatory response in a manmial, comprising: 

administering to the mammal an amount of a chemokine peptide 3, a chemokine 
peptide 2, a variant thereof, a derivative thereof, a compound of formula (IV), a 
compound of formula (V), a compound of formula (VI), a compoxmd of formula 
(Vn), a compoxmd of formula (VIE), a compound of formula (EX), a compound of 
10 formula (X), a compound of formula (XI), a compound of formula (XII), or a 
combination thereof, effective to increase, augment or enhance said response. 
Moreover, as peptide 3, its variants and derivatives may decrease Th2 responses and 
increase Thl responses, these compounds may be particularly useful to treat or 
prevent specific diseases in which a decrease in Th2 response and an increase in Thl 
IS response is indicated. It is preferred that the agent employed to increase, augment or 
enhance the chemokine-associated inflammatory response is not 
YNFTNRKISVQRLASYRRITSSK. These therapeutic agents are useful to increase 
an inflammatory response to, for example, intracellular pathogens or parasites, 
which often are associated with a poor immune response. Thus, these agents may be 
20 useful to treat or prevent tuberculosis and malaria. Therefore, the invention also 
provides a therapeutic method to prevent or treat parasitic infection. 

The invention also provides a method of preventing or inhibiting an 
indication associated with histamine release from basophils or mast cells. The 
method comprises administering to a mammal at risk of, or afflicted with, the 
25 indication an effective amount of a chemokine peptide 3, a chemokine peptide 2, a 
variant thereof, a derivative thereof, a compound of formula (IV), a compound of 
formula (V), a compound of formula (VI), a compound of formula (VII), a 
compound of formula (VIII), a compound of formula (DC), a compound of formula 
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(X), a compound of formula (XI), a compound of fonnula (XII), jor a combination 

thereof. 

Also provided is a method of preventing or inhibiting an indication 
associated with monocyte, macrophage, neutrophil, B cell, T cell or eosinophil 

5 recruitment, or B cell or T cell activation or proliferation. The method comprises 
administering an effective amoimt of a chemokine peptide 3, a chemokine peptide 2, 
a variant thereof, a derivative thereof, a compound of fonnula (IV), a compound of 
fonnula (V), a compound of formula (VI), a compound of formula (VII), a 
compound of formula (VIII), a compound of formula (DC), a compound of formula 

10 (X), a compound of formula (XI), a compound of formula (XU), or a combination 
thereof For example, a chemokine peptide 3, a chemokine peptide 2, a variant 
thereof, or a derivative thereof may be useful to prevent or treat autoimmune or 
granulomatous indications. 

Further provided is a therapeutic method to prevent or treat vascular 

15 indications, comprising: administering to a mammal in need of such therapy an 

effective amount of a chemokine peptide 3, a chemokine peptide 2, a variant thereof, 
a derivative thereof, a compound of fonnula (IV), a compound of formula (V), a 
compound of formula (VI), a compound of fonnula (VII), a compound of 
formula (VIII), a compound of formula (DC), a compound of formula (X), a 

20 compound of formula (XI), a compound of formula (XII), or a combination thereof, 
wherein the indication is coronary artery disease, myocardial infarction, unstable 
angina pectoris, atibierosclerosis or vasculitis. Preferred chemokine peptides for this 
embodiment of the invention include chemokine peptides of MCP-1, RANTES, 
GROa, MlPla, IPIO, MCP-4, and MIPip. 

25 The invention also provides a method to prevent or treat an autoimmune 

disorder. The method comprises administering to a mammal in need of said therapy 
an effective amount of a chemokine peptide 3, a chemokine peptide 2, a variant 
thereof, a derivative thereof, a compound of formula (IV), a compound of 
fonnula (V), a compound of formula (VI), a compound of formula (VII), a 
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compound of formula (VIII), a compound of formula (DC), a compound of formula 

(X), a compound of formula (XI), a compound of formula (XII), or a combination 

thereof. A preferred variant of peptide 3 useful to prevent or treat autoimmune 

disorders is Leu4lle,ipeptide 3(1-12)[MCP-1] (SEQ ID NO: 14) or peptide 3 having 

5 WVQ. A preferred chemokine peptide 3 for use in preventing or treating multiple 
sclerosis includes SEE and peptide 3(l-14)[MIPla] (SEQ ID NO:42). Other 
preferred peptides are chemokine peptides of RANTES. 

Further provided is a method to modulate the chemokine-induced activity of 
macrophage, B cells, T cells or other hematopoietic cells, e.g., neutrophils, 

10 eosinophils or mast cells, at a preselected physiolo^cal site. The method comprises 
admuiistering a dosage form comprising an effective amount of a chemokine peptide 
3, a chemokine peptide 2, a variant thereof, a derivative thereof, a compound of 
formula (TV), a compoxmd of formula (V), a compound of formula (VI), a compound 
of formula (VII), a compound of formula (VTII), a compound of formula (IX), a 

1 5 compound of formula (X), a compound of formula (XI), a compound of formula 
(XU), or a combination thereof, wherein the dosage form is linked, either covalently 
or noncovalently, to a targeting moiety. The targeting moiety binds to a cellular 
component at the preselected physiological site. 

Moreover, it is also envisioned that an agent of the invention may be a 

20 targeting moiety, as some of the agents are selective chemokine inhibitors, rather 
than pan-chemokine inhibitors. For example, an agent of the invention, e.g., peptide 
2, may be useful in the targeted delivery of an isotope or other cytotoxic molecule to 
red cells for the treatment of disorders such as erythroid leukemia, erythroid 
myelosis, polycythemia vera or other erythroid dysplasias. Similarly, an agent of the 

25 invention that specifically targets a particular cell type may be useful in diagnostics. 
Thus, these agents can be radiolabeled (Chianelli et al., NucL Med. Comm.. 18^ 437 
(1997)), or labeled with any other detectable signal, such as those useful in 
diagnostic imaging (e.g., MRI and CAT) to image sites of inflanmiation in disorders 
like rheiimatoid arthritis and diabetes mellitus (type I). 
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Also provided is a therapeutic method to augment an immune response. The — 

method comprises administering to a mammal an immunogenic moiety and an 

amount of a chemokine peptide 2, a variant thereof, a derivative thereof, a 

compound of formula 0Y), a compoimd of formula (V), a compound of formula 

5 (VI), a compound of formula (VII), a compound of formula (VIII), a compoxmd of 
formula (DQ, a compound of formula (X), a compoimd of formula (XI), a compound 
of formula (XIQ, or a combination thereof^ wherein the amount is effective to 
augment the immune response of the manmial to the immxmogenic moiety. Thus, 
the invention also provides a vaccine comprising an unmunogenic moiety and an 

1 0 amount of a chemokine peptide 2, a variant thereof or a derivative thereof, a 
compoimd of fomiula (IV), a compound of formula (V), a compoimd of formula 
(VI), a compound of formula (VII), a compound of fonnula (VTQ), a compound of 
formula (EX), a compound of formula (X), a compound of formula (XI), a compound 
of fonnula (XII), or a combination thereof As used herein, an "immunogenic 

15 moiety" means an isolated or pxuified composition or compound (e.g., a purified 
virus preparation or a native or recombinant viral or bacterial antigen) that, when 
introduced into an animal, preferably a mammal, results in a humoral and/or cellular 
immime response by the animal to the composition or compound. Also provided are 
modified vaccines, wherein the immunogenic moiety is coupled to peptide 2, a 

20 variant or derivative thereof. Peptide 2 increases Hhc binding of the modified 
vaccine to the red blood cell pool and blocks Duffy binding of chemokines and so 
prolongs the residency time of the vaccine in the circulation and decreases 
chemokine-induced activity, either of which result in an augmented antibody 
response. It is ravisaged that fte modified vaccine is delivered by the same routes 

25 as those used for unmodified immunogen (e.g., intravenous, intramuscular or 
orally). 

The invention also provides a therapeutic method to prevent or inhibit 
asthma. The method comprises administering to a mammal in need of such therapy 
an effective amount of a chemokine peptide 3, a chemokine peptide 2, a variant 
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thereof^ a derivative thereof, a compound of formula (IV), a compound of 
formula (V), a compound of formula (VI), a compoxind of formula (VH), a 
compoimd of formula (Vm), a compound of formula (DC), a compound of formula 
PO, a compound of formula (XI), a compound of formula (XII), or a combination 

S thereof. As described hereinbelow in Example 12, a peptide of the invention 
inhibited cellular inflanunadon and IgE responses in the lung of mice exposed to 
ovalbumin. Preferably, in this embodiment of the invention, a therapeutic agent is 
administered to the upper and/or lower respiratory tract. Preferred peptides useful in 
this embodiment of the invention are chemokine peptides of RANTES, MCP-1 and 

10 MlPla. 

Further provided is a therapeutic method to prevent or inhibit viral, e.g., 
poxvirus, herpesvirus (e.g., Herpesvirus samiri), cytomegalovirus (CMV) or 
lentivirus, infection or replication. The method comprises administering to a 
manunal in need of such therapy an effective amount of a chemokine peptide 3, a 

IS chemokine peptide 2, a variant thereof, a derivative thereof, a compound of formula 
(IV), or a compound of formula (V), a compound of formula (VI), a compound of 
formula (VII), a compound of formula (Vm), a compound of formula (DC), a 
compound of formula (X), a compound of formula (XI), a compound of formula 
(Xn), or a combination thereof. Preferably, the therapeutic agents are employed to 

20 prevent or treat HIV. More preferably, the agent is administered before, during or 
after the administration of an anti-viral agent, e.g., for HTV AZT, a non-nucleoside 
reverse transcriptase inhibitor, a protease inhibitor or a combination thereof. It is 
also envisioned that a combination of a chemokine peptide 3, a chemokine peptide 
2, a variant thereof, a derivative thereof, a compound of formula (IV), a compound 

25 of formula (V), a compound of formxila (VI), a compound of formula (VH), a 

compoimd of formula (VE), a compound of formula (DC), a compoimd of formula 
(X), a compound of formula (XI), or a compound of formula (XH) may be useful in 
the anti-viral methods and compositions of the invention. Preferred chemokine 
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peptides useful to prevent or inhibit viral infection are those from IP 1 0, MP 1 a, 

MIPip, SDF-1, IL-8, GROa, RANTES and MCP-1. 

A therapeutic method to prevent or treat low bone naineral density is also 

provided: The method comprises administering to a mammal in need of such 

S tiiers^y an effective amount of a chemokine peptide 3» a chemokine peptide 2, a 
variant tfaeieof, a derivative thereof a compound of fonnula (TV), a compound of 
formula (V), a compound of formula (VI), a compound of formula (Vn), a 
compound of formula (VIII)i a compoimd of formula (DC), a compound of formula 
QC), a compound of formula (XI), a compound of formula pOI), or a combination 

10 thereof A preferred derivative of a variant of peptide 3 to prevent or treat low 
mineral bone density is CRD-CySi3Leu4lleiipeptide 3(3-12)[MCP-l]. A preferred 
fragment of SEQ ID NO: 1 useful in preventing or treating low mineral bone density 
isKQK. 

Also provided is a method of suppressing tumor growth in a vertebrate 
1 5 animal comprising administering to said vertebrate a therapeutically effective 
amount of a chemokine peptide 3, a chemokine peptide 2, a variant thereof, a 
derivative thereof; a compound of formula (IV), a compound of formula (V), a 
compound of formula (VI), a compound of formula (VII), a compoimd of 
fonnula (VIH), a compound of formula (DQ, a compound of formula (X), a 
20 compound of formula (XI), a compound of formula (XIT), or a combination thereof 
Preferably, the method increases or enhances macrophage, B cell-, T cell- or other 
immune cell-associated activity at a tumor site. A preferred peptide for use in this 
embodiment of the invention is a MCP-1 peptide. 

Further provided is a method for preventing or treating rheumatoid arthritis 
25 in a mammal, comprising: administering to the manunal an effective amount of a 
chemokine peptide 3, a chemokine peptide 2, a variant thereof, a derivative thereof, 
a compound of formula (IV), a compoimd of formula (V), a compound of fonnula 
(VI), a compoimd of formula (VII), a compound of formula (VIII), a compound of 
formula (DC), a compound of formula (X), a compound of formula (XI), a compound 
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of formula (XB), or a combination thereof. For this embodiment of the invention, a 
preferred peptide is a MCP-1, MPla, MIPIP, GROa, and ENA78 peptide. 

Also provided is a meUiod to prevent or treat organ transplant rejection. The 
method comprises administering an effective amount of a chemokine peptide 3, a 
5 chemokine peptide 2, a variant thereof, a derivative thereof, a compound of formula 
(IV), a compound of formula (V), a compound of formula (VI), a compound of 
formula (VII), a compound of formula (VJII), a compound of formula (K), a 
compound of formula (X), a compound of formula PCT), a compound of formula 
(Xn), or a combination thereof 

1 0 Further provided is a method for preventing or treating psoriasis in a 

mammal, comprising: administering to the mammal an effective amount of a 
chemokine peptide 3, a chemokine peptide 2, a variant thereof, a derivative thereof, 
a compound of formula (TV), a compound of formula (V), a compound of formula 
(VI), a compoxmd of formula (VII), a compound of formula (VIH), a compound of 

1 S formula (IX), a compound of formula (X), a compound of formula (XQ, a compound 
of formula (XII), or a combination thereof Preferred peptides to prevent or treat 
psoriasis are peptides of MCP-1, RANTES, MlPla, MIG, IPIO, GROp, GROa or 
MCP-3. A preferred derivative to prevent or treat psoriasis is a CRD-derivative of 
peptide 3. 

20 Also provided is a method to enhance wound healing. The method 

comprises administering an effective amount of a chemokine peptide 3, a chemokine 
peptide 2, a variant thereof, a derivative thereol^ a compound of formula (IV), a 
compound of formula (V), a compound of formula (VI), a compound of formula 
(Vn), a compoimd of formula (VIH), a compound of formula (DC), a compound of 

25 formula (X), a compound of formula (XI), a compoimd of formula (XH), or a 
combination thereof 

Further provided is a method for preventing or treating an allergy in a 
mammal, comprising: administering to the mammal an effective amount of a 
chemokine peptide 3, a chemokine peptide 2, a variant tiiereof, a derivative thereof. 
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a compound of formula (IV), a compound of formula (V), a compound of formula 
(VI), a compound of formula (VII), a compound of formula (VIE), a compound of 
formula (DC), a compound of formula (X), a compound of formula (XI), a compoxmd 
of formula (XII), or a combination thereof. Preferred peptides to prevent or treat 
5 aUergies include peptides of RA^fTES, MlPla, MCP-1, MCP-2, MCP-3, MCP-4, 
eotaxinorMIPip. 

Yet another embodiment of the invention is a method to prevent or inhibit an 
indication associated with elevated TNF-a. The method comprises administering an 
effective amount of a chemokine peptide 3, a chemokine peptide 2, a variant thereof, 

10 a derivative thereof, a compound of formula (IV), a compound of formula (V), a 
compound of formula (VI), a compound of formula (VH), a compound of 
formula (VET), a compoimd of formula (IX), a compound of formula (X), a 
compound of formula (XT), a compoimd of formula (XII), or a combination thereof 
The invention also provides methods in which the nucleic acid molecules of 

15 the invention are administered to a mammal afflicted with, or at risk of, an 
indication associated with a chemokine-induced activity. 

The invention also provides methods whereby the pharmacokinetics of 
desirable pharmaceutical agents may be modulated. In particular, agents which are 
normally rapidly cleared from the circulation may be retained longer by the addition 

20 of a peptide of the invention fliat has affinity for the Duffy antigen on red blood 
cells. This mefliodology may be particularly suited to modifying the 
pharmacokinetics of other biologically active, pharmaceutically useful peptides, as 
well as larger polypeptide or proteins. For example, a Duffy binding peptide (such 
as peptide 2[MCP-1] may be coupled or linked, either covalently or non-covalently, 

25 to a molecule such as recombinant human growth hormone (HGH) or insulin, and 
administered via a depo injection. By partitioning the modified HGH to the red 
blood cells, HGH may have much more suitable pharmacokinetics, with longer half 
times and less rapid changes in plasma concentrations. In another example, insulin 
cotq>led to a peptide of the invention may be particularly useful as a treatment for 
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the highly insulin-resistant type n diabetic whose disease has progressed 
significantly. It is also envisioned that other small molecules may be coupled to 
Duffy binding molecules in a manner which preserves the intended function of the 
active molecule and of the Duffy binding molecule. For coupling to recombinant 

5 proteins and peptides, Duffy binding peptides are preferred. For coupling to small 
molecule drugs, analogs (e.g., isosteres) of Dufify binding peptides are preferred. 

Brief Description of the Figures 
Figure 1 is a schematic of the trans-well migration assay. In most 
1 0 experiments, the peptide (wavy line) is added to the upper well with about 50,000 
cells (O). The upper and lower wells are separated by a 5 fxm or 8 \im pore size 
PVP-firee membrane ( — Chemokine (•) is added to the lower well. After 
4 hours, the number of cells that have migrated through the membrane are measured 
(O in lower well), 

1 5 Figure 2 shows a dose-response curve for the peptide 3 (SEQ ID NO: 1 ) 

inhibition of MCP-l-inducedTHP-1 cell migration. 

Figure 3 shows the reverse transcriptase activity present in the culture 
medixmi at day 21 after infection of Juikat cells with a T-tropic HIV. Peptides were 
added on day 0, one hour prior to infection of the cells with HIV isolate. The fiiU 
20 length chemokine SDF-la was used as a positive control. 

Figure 4 shows the structure of CRD-Cys,3leu4ile„peptide 3[MCP-1](3- 
12)[MCP-1], which is cyclized via disulphide bonds. The main chain a carbons are 
indicated by which indicates that the D form of the amino acid is present. 

Figure 5 depicts a schematic of inhibition of cell migration via binding of a 
25 therapeutic agent of the invention to a chemokine receptor. C^C = a therapeutic 
agent of the invention. Chemokine receptors are shown as blackened rectangles. 

Figure 6 depicts a schematic of the inhibition of HIV entry by an agent of the 
invention. 
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Figure 7 shows the dose-dependent inhibition of inflammation (A) and 

endotoxemia (B) in animal models by peptide 3 (CRD-Cys,3Leu4ne„ peptide 3(3- 

12) [MCP-1] =NR58-3.14.3). 

Figure 8 shows a preferred analog of peptide WVQ. 

5 Figure 9 shows a graph of the number of macrophage at the site of LPS 

administration in a rat in the presence or absence of a peptide of the invention. 

0 

Figure 10 shows a graph of the number of B cells at the site of LPS 
administration in a rat in the presence or absence of a peptide of the invention. 

Figure 11 shows a graph of the fiaction .of HIV infected THP-1 cells in the 
10 presence of peptide 2 or peptide 3 using a quantitative inmiunofluorescent (QIF) 
assay. 

Figure 12 depicts codons for various amino acids. 

Figure 13 depicts exemplary amino acid substitutions. 

Figure 14 shows exemplary therapeutic agents of the invention. 
1 5 Figure 1 5 shows the Duffy binding affmity and inhibition of THP- 1 

migration for selected peptide 2 compoimds. LFL - linear, forward L isomer; LRD - 
linear reverse D isomer; CRD = cyclic reverse D isomer, CFL = cyclic forward L 
isomer. 

Figure 16 sunomarizes binding and BD50 data for selected peptides of the 
20 invention. 

Figure 17 shows an exemplary protocol to test agents in a rat dermal 
inflammation model (CRD-Cys,3Leu4ne„ peptide 3(3-12)[MCP-l] = NR58-3.14.3). 

Detailed Description of the Invention 

25 Definitions 

"Chemokines" refers to a family of proinflammatory signaling molecules 
which act on macrophage, B cells, T cells, neutrophils, eosinophils, basophils, mast 
cells, smooth muscle cells, e.g., vascular smooth muscle cells, and the like (e.g., by 
affecting their migration, proliferation, or degranulation, or the immunomodulation 
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WHAT IS CLAIMED TS> 

1 . ChemoldDe peptide 3, a variant, or a derivative thereof. 

2. Chemokine peptide 2, a variant, or a derivative thereof. 

3. The peptide of claim 1 wherein the chemokine is not IL8 or NAP-2. 

4. The peptide of claim 1 ^ich is a variant of peptide 3[MCP-1]. 

5. The peptide of claim 4 which is Leu4lleiipeptide 3(3-12)[MCP-ll. 

6. The peptide of claim 1 or 2 which is a CC chemokine. 

7. The peptide of claim 6 wherein the CC chemokine is MCP-1 , RANTES, 
MCP-2, MCP-3, MCP-4, eotaxm, MlPla, MIPip, LARC, D09, HCC-1, 
TARCorCkpS. 

8. The peptide of claim 1 or 2 which is a CXC chemokine. 

9. The peptide of claun 8 wherein flie CXC chemokine is IP-10, PF-4, SDF-1, 
NAP.2, GROa, GROP, GROy or ENA78. 

10. The peptide of claim 8 wherein the CXC chemokine is 11^8, IP-10, SDF-1, 
PF-4, NAP-2, GROa, GROp, GROy, NAP-2 or ENA78. 

11. A CRD derivative of chemokine peptide 3 or a variant thereof. 
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12. 

13. 
14. 



wherein R* is aryl, heteroaiyU coxnnaryl or chromanyl; wherein is 
N(R*)(R*^; wherein R^ is N(R*)(R'^); wherein Y is oxo or thioxo; wherein Z is 
(Ci-C,o)alkyl; wherein R"-R** are each independently hydrogen, (Ci-Cio)alkyl, 
(Ci"Cio)alkanoyl, phenyl, benzyl or phenethyl; or wherein R* and R^ or R^ 
and R*^, together with the nitrogen to which they are attached form a 
pyrrolidino, piperidino or morpholino ring; or a pharmaceutically acceptable 
salt thereof. 

IS. A compound of formula (V): 




wherein R* is NR^R^; wherein R^ is NR^R^; wherein R** is NRJtlp; wherem R^ 
is NR^R^ v^dierein R* is hydrogen, hydroxy, (C,-C,o)alkyl, (C3-C5)cycloalkyl, 
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The derivative of claim 1 1 vMch is CRD-CySi3Leu4lle,ipeptide 3(3- 
12)[MCP-1]. 

A CRD derivative of chemokine peptide 2 or a variant thereof. 
A compound of formula (IV): 
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(C3-C6)cycloalkyI(C,-C6)alkyl, (CrC,o)aIkoxy, (C3-C6)cycloalkyl(Cr 
C6)aikoxy, NR^, the N-terminal residue of an amino acid or a peptide of 2 
to about 25 amino acid residues; wherein Ri^, R,, R^, and Rp are each 
hydrogen; wherein R„ are R, are each independently hydrogen, acetyl, (C,- 
C,o)alk>d, (C3-C6)cycloalkyl, propoxy, butoxy, /erf-butoxycarbonyl, 
9-fiuorenyhnethoxycaibonyl, the C-terminal residue of an amino acid or a 
peptide of 2 to about 25 amino acid residues; wherein R^ and R^ are each 
independently hydrogen, (C,-C,o)alkyl, or (Cj-C^cycloalkyl; and wherein R, 
are Rt are each indepradently hydrogen, (C,-Cjo)alkyl, (C3-Cg)cycloalkyl, 
(C3-C6)cycloalk^(C,-Cfi)alkyl, phenyl, benzyl, or phenethyl; or a 
pharmaceutically acceptable salt thereof. 

A compound of formula (VI): 




wherein R'^is NR'RJ; R" is aryl, heteroaiyl, aryl(CrC3)alkyl, heteroaryl(C|- 
C^)2LlkyU coumaryl, coumaryl(C,-C3)alkyI, duomanyl or chromanyl(C,- 
C^alkyU wherein any ai>i or heteroaiyl group, or the benz-ring of any 
coumaryl or chromanyl gcovp may optionally be substituted with one, two or 
three substituents selected firom the group consisting of halo, nitro, cyano, 
hydroxy, (C,-Cfi)alkyl, (C,-Q)alkoxy, {C,-C6)alkanoyl, (C2-C6)alkanoyloxy, 
-C(=0)(CrQ)alkoxy, C(=0)NR«R^ NRTR^; R" is (CrC6)alkyl; R" is (C,- 
C,o)alkyl, (C3-C5)cycloalkyl, (C3-C6)cycloalkyl(CrQ)alkyl, (CrC,o)alkoxy, 
(C3-C6)cycloalkyl(C,-C6)alkoxy, hydroxy, orN(R*)(R»'); R»^ is (CrC,o)aikyl, 
(C3-Q)cycloalkyl, (C3-C5)cycloaIkyl(C,-C6)alkyl, (C,-Cio)aikoxy, (C3- 
Q)cycloalkyl(C,-C6)alkoxy or N(R*^(R**); Y is 0x0 or thioxo; and wherein 
R"-R^ are each independently hydrogen, (C,-C,o)alkyl, (C|-C,o)alkanoyl, 
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phenyl, benzyl, or phenethyl; or R* and K\ and R^ jmd R^, R« and or . 
K and R^ together with the nitrogen to which they are attached form a ring 
selected fix)m pyirolidino, piperidino, or morpholino; or a pharmaceutically 
acceptable salt thereof. 

17. A method of preventing or inhibiting an indication associated with a 
chemokine-induced activity^ comprising: administering to a mammal 
afOicted with, or at risk of, the indication an amount of a chemokine peptide 
3, a chemokine peptide 2, a variant thereoi^ a derivative thereof^ or a 
combination fliereof, effective to prevent or inhibit said activity, wherein the 
chemokine is not IL8 or NAP-2. 



18. A method to inhibit the activity of more than one chemokine, comprising: 
administering to a mammal in need thereof an effective amount of a 
chemokine peptide 3, a chemokine peptide 2, a variant thereof, a derivative 
thereof, a compound of formula (IV), a compound of formula (V), a 
compound of fomiula (VI), or a combination thereof. 

19. A method to increase or enhance a chemokine-associated inflammatory 
response in a mammal, comprising: administering to the mammal an 
amount of a chemokine peptide 2, a variant thereof, a derivative thereof, or a 
combination thereof effective to increase or enhance said response. 

20. A method ofpreventmg or inhibiting an indication associated with 
hematopoietic cell recruitment, comprising: administering to a mammal at 
risk of, or afflicted with, the indication an effective amount of a chemokine 
peptide 3, a chemokine peptide 2, a variant thereof, a derivative thereof, a 
compound of formula (TV), a compoxmd of formula (V), a compound of 
formula (VI), or a combination thereof 
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21 . A method of preventing or inhibiting an indication associated with histamine 
release from basophils or mast cells, comprising administering to a mammal 
at risk o^ or afQicted with, the indication an effective amount of a 
chemokine pq)tide 3, a chemokine peptide 2, a variant thereof, a derivative 
thereof; a compound of formula (IV), a compound of formula (V), a 
compound of formula (VI), or a combination thereof. 

22. A method to modulate the chemokine-induced activity of hematopoietic 
cells at a preselected physiological site, comprising: administering to a 
mammal a dosage form comprising an effective amount of a chemokine 
peptide 3, a chemokine peptide 2, a variant thereof, a derivative thereof, a 
compoimd of formula (TV), a compound of formula (V), a compound of 
formula (VI), or a combination thereof, wherein the dosage form is linked to 
a site targeting moiety. 

23. A method to augment an immune response, comprising: administering to a 
mainnifll an immunogenic moiety and an amount of a chemokine peptide 2, a 
variant thereol^ a derivative thereof a compound of formula (IV), a 
compound of formula (V), a compound of formula (VI), or a combination 
thereof wh^ein the amount is effective to augment the immune response of 
ibc manunal to the immunogenic moiety. 

24. A therapeutic method to prevent or treat a vascular indication, comprising: 
administering to a mammal in need of such therapy an effective amount of a 
chemokine peptide 3, a chemokine peptide 2, a variant thereof, a derivative 
thereof, a compound of formula (IV), a compound of formula (V), a 
compound of formula (VI), or a combination thereof, wherein the indication 
is coronary artery disease, myocardial infarction, unstable angina pectoris, 
atherosclerosis or vasculitis. 
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25. A therapeutic method to prevent or inhibit lentiviral infection or replication, 
comprising: administering to a mammal in need of such therapy an effective 
amoimt of a chemokine peptide 3, a chemokine peptide 2, a variant thereof, a 
derivative thereof^ a compound of formula (IV), a compound of formula (V), 
a compound of formula (VI), or a combination thereof. 

26. The method of claim 25 wherein the lentivirus is HIV. 

27. The method of claim 26 further comprising administering an antiviral agent 
before, during and/or after the administration of the peptide, a variant 
thereof, derivative thereof, the compound of formula (IV), the compound of 
formula (V), the compound of formula (VT), or a combination thereof. 

28. A therapeutic method to prevent or treat low bone mineral density, 
comprising: administering to a mammal in need of such therapy an effective 
amount of a chemokine peptide 3, a chemokine peptide 2, a variant thereof, a 
derivative thereof, a compound of formula (TV), a compound of formula (V), 
a compound of formula (VI), or a combination thereof. 

29. A method of inhibiting a parasitic infection in a vertebrate animal, 
comprising: administering to the animal an effective amoimt of a 
chemokine peptide 2, a variant thereof, a derivative thereof or a combination 
thereof. 

30. The method of claim 29 wherein the animal is a human with malaria. 

31. A therapeutic method to prevent or treat an autoimmune disease, comprising: 
administering to a mammal in need of such therapy an effective amount of a 
chemokine peptide 3, a chemokme peptide 2, a variant thereof^ a derivative 
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thereof, a compound of formula (IV), a compound of formula (V), a 
compound of formula (VI), or a combination thereof. 



32. A method of suppressmg tumor growth in a vertebrate animal, comprising: 
administering to said vertebrate an effective amount of a chemoldne peptide 
3, a chemoldne peptide 2, a variant ihereoi^ a derivative thereof a compound 
of formula (IV), a compound of formula (V), a con:q)Ound of formula (VI), or 
a combination thereof. 

33. A method for preventing or treating psoriasis in a mammal, comprising: 
administering to the mammal an effective amount of a chemokine peptide 3, 
a chemokine peptide 2, a variant thereof, a derivative thereof, a compoimd of 
formula (TV), a compound of formula (V), a compound of formula (VI), or a 
combination thereof. 

34. A method to increase or enhance hematopoietic cell-associated activity at a 
tumor site, comprising: administering an effective amount of a chemokine 
peptide 3, a chemokine peptide 2, a variant thereof a derivative thereof^ a 
compound of foimula (IV), a compound of formula (V), a compound of 
formula (VI), or a combination thereof. 

35. A method to enhance wound healing, comprising: administering an effective 
amoimt of a chemokine peptide 3, a chemokine peptide 2, a variant thereof, a 
derivative thereof, a compound of formula (IV), a compoimd of formula (V), 
a compound of formula (VI), or a combination thereof. 

36. A method of treating a mammal afiQicted with, or at risk of, an indication 
associated with chemokine-induced activity, comprising: administering to 
the mammal an effective amount of a compound of formula (IV): 
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Further defect(s) under Article 17(2)(a): 

Claims Nos.: 1,3, 4, 6-11. 17, 18, 20-22. 24-28, 31-35, 40-46. 48-51. 55(all 
partially) 



The definition of "chemokine peptide 3" is vague and ambiguous. Several 
different definitions have been used to define this expression: e g see 
Table 1 on page 129, showing a peptide of 12 amino acids; page 31 line 
25 to page 32, describing this expression as a peptide of 3-30 amino 
acids originating from the C-terminal part of any chemokine and also the 
definitions on the pages 3-5 relating to facultatively repeating 
sequences of amino acids of a general character lacking any significant 
structural constant entity. Therefore said expression "chemokine peptide 
3 cannot be considered to be a clear and concise definition of 
patentable subject-matter (Art. 6 PCT). 

Furthermore the available experimental data actually only comprise a very 
small part of the compounds claimed, which part is moreover not evenly 
distributed over the whole claimed area. Therefore the claims can also 
not be considered to represent a permissible generalisation which is 
fairly based on experimental evidence, that is, they are also not 
adequately supported by the description (Art. 6 PCT). 
Therefore a meaningful and economically feasible search could not 
encompass the complete subject-matter of subject 1. Consequently the 
search has been limited to the actually synthesised compounds of the 
examples 1 and 2 and (partially) Figure 14 and the relevant SEQ ID's 
encompassed by subject 1 and their use and has been extended to compounds 
having the same activity (Art.l7(2)(a)(1i ) and (b) PCT, PCT Guidelines 
CIII.Z.l and CIII,3,7). 
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wherein is aryl, heteroaryl, coumaryi or chromanyl; wherein is 
N(R')(R^; wherein R^ is N(R*^(R**); wherein Y is oxo or thioxo; wherein Z is 
(C,-C,o)alkyl; \dierem R'-R*" are each independently hydrogen, (C,-C,o)alkyl, 
(C,-Cio)alkanoyl» phenyl, benzyl or phenelhyl; or wherein R' and R**, or R** 
and R^ together with ^ nitrogen to ^ch they are attached form a 
pyiTolidino, piperidino or morpholino ring; or a phannaceutically acceptable 
salttheieof. 

37. A method of treating a mammal afiSicted with, or at risk of, an indication 
associated with chemokine-induced activity, comprising: administering to 
the mammal an effective amount of a compound of formula (V): 




wherein R* is NR^El,; wherem R^ is NRJ^nJ wherein R* isNRJElp-, wherem R^ is 
NRJ[l,; v^ercin R' is hydrogen, hydroxy, (C,-C,o)alkyl, (Cj-Qcycloalkyl, (C3- 
C^cycloalkyl(Ci-C4)alkyl, (Cj-C,o)alkoxy, (C3.Ce)cycloalkyl(CrC^alkoxy, NR^ 
the N-terminal residue of an amino acid or a peptide of 2 to about 25 amino acid 
residues; whwein R^^ R^, R^, and Rp are each hydrogen; wherein R„ are R„ are each 
independently hydrogen, acetyl, {C,-Cio)alkyl, (C3-C6)cycloalkyl, propoxy, butoxy. 
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rerr-butoxycarbonyl, 9-fluorenylmethoxycarbonyl or the C-terminal residue of an 



each independently hydrogen, (Ci-Cio)alkyl, or (C3-C6)cycloalkyl; and wherein R, 
are Rt are each independently hydrogen, (Ci-Cio)alkyl, (C3-C6)cycloalkyl, (C3- 
C6)cycloalkyl(Ci-C6)alkyl, phenyl, benzyl, or phenethyl; or a phannaceutically 
acceptable salt thereof. 

38. A method of treating a mammal afQicted with, or at risk of, an indication 
associated with chemoldne-induced activity, comprising: administering to 
the mammal an effective amount of a compound of formula (VI): 



v^dierein R^^is NR*R^; R" is aryl, heteroaryl, aryI(CrC3)alkyl, heteroaryl(C,- 
C3)alkyl, coumaryl, coumaryl(Ci-C3)alkyl, chromanyl or chromanyl(C,- 
C^yaSkyl; wherein any aiyl or heteroaryl group, or the benz-ring of any 
coumaiyl or chromanyl group may optionally be substituted with one, two or 
three substituents selected from the groiq> consisting of halo, nitro, cyano, 
hydroxy, (C,-Cfi)alkyl, (C,-Cfi)aIkoxy, (Ci-Q)alkanoyl, (C2-Cfi)alkanoyloxy, 
-C(0)(C,-C6)alkoxy, C(=0)^IR«R^ NRTl^; is (CrC6)alkyl; R*^ is (Cp 
C,o)alkyl, (C3-C6)cycloalkyl, (C3-Cfi)cycloalkyl(CrCe)alkyl, (C,-C,o)alkoxy, 
(C3-C«)cycloalkyl(Ci-C6)alkoxy, hydroxy, orN(R')^*0; is (C,-Cio)alkyl, 
(C3-C6)cycloaIkyl, (C3-Cfi)cycloalkyl(Ci-Ce)alkyl, (C,-Cio)alkoxy, (C3- 
C6)cycloalkyl(Ci-C4)alkoxy orN(R*^(R*^; Y is 0x0 or thioxo; and wherein 
R'-R^ are each independently hydrogen, (CpCio)alkyl, (Ci-C,o)alkanoyl, 
phenyl, benzyl, or phenethyl; or R* and R^ R*^ and R*, R' and R*, R« and B!^ or 
R* and R^ together with the nitrogen to which they are attached form a ring 



amino acid or a peptide of 2 to about 25 amino acid residues; wherein R^ and R^ are 



Rl< 
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selected from pyrrolidino, piperidino, or moipholino; or a phannaceutically 
acceptable salt thereof. 

39. An immunogenic composition comprising an immunogenic moiety and an 
amoxmt of a chemokine peptide 2, a variant thereof a derivative thereof, a 
compound of formula (TV), a compound of formula (V), a compound of 
formula (VI), or a combination thereof. 

40. A therapeutic method to prevail or treat asthma, comprising: administering 
to a mammal in need of such HhQiapy an effective amount of a chemokine 
peptide 3, a chemokine peptide 2, a variant thereof, a derivative thereof, a 
compound of formula (TV), a compound of formula (V), a compound of 
formula (VI), or a combination thereof. 

41. The method of claim 17 wherein the amount inhibits a product or 
intermediate in the arachidonic acid pathway. 

42. The method of claim 41 wherein leiikotriene is inhibited. 

43. The method of claim 41 wherein thromboxane is inhibited. 

44. The method of claim 41 wherein prostaglandin is inhibited. 

45. A method of preventing or inhibiting an indication associated with elevated 
TNF-a, comprising: administering to a manmial afflicted with, or at risk of, 
the indication an effective amount of a chemokine peptide 3, a chemokine 
peptide 2, a variant tiiereof, a derivative thereof a compound of formula 
(IV), a compound of formula (V), a compound of formula (VI) or a 
combination thereof. 
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A peptide that includes the amino acid sequence ICXK, vMoh is a chemokine 
antagonist, activates TGF-beta, or a combination thereof. 



CRD-Cys,3Leu4ne, j)eptide 3(3-12)[MCP-l]. 

A therapeutic method to prevrat or treat organ transplant rejection, 
comprising: administering to a mammal in need of such therapy an effective 
amount of a diemokine pq>tide 3, a chemokine peptide 2, a variant thereof, a 
derivative thereof, a compound of formula (IV), a compoimd of formula' (V), 
a compound of formula (VI), or a combination thereof. 

A therapeutic method to prevent or treat rheumatoid arthritis, comprising: 
administering to a mammal in need of such therapy an efiective amount of a 
chemokine peptide 3, a chemokine peptide 2, a variant thereof, a derivative 
thereof, a compound of foraiula (TV), a compound of formula (V), a 
compound of formula (VI), or a combination thereof. 

A therapeutic method to prevent or treat allergy, comprising: administering 
to a mammal in need of such therapy an effective amoimt of a chemokine 
peptide 3, a chemokine peptide 2, a variant thereof a derivative thereof, a 
compound of formula (IV)* & compoimd of formula (V), or a compound of 
formula (VI), or a combination thereof. 

Use of a chemokine peptide 3, a chemokine peptide 2, a variant thereof, a 
derivative thereof^ a compound of formula (TV), a compound of formula (V), 
or a compound of formula (VI), or a combination thereof for the manufacture 
of a medicament for Uxo treatment of a pathological condition or symptom in 
a mammal which is associated with a chemokine-induced activity. 



181 



wo 99/12968 PCTAJS98/1 9052 

52. A compound of fonnula (TV) for use in medical therapy,. 

53. A comjpound of formula (V) for use in medical therapy. 

54. A compound of formula (VI) for use in medical Ifaerapy. 

55. A chemokine peptide 3» a variant or derivative thereof for use in medical 
therapy. 

56. A chemokine peptide 2, a variant or derivative tiiereof for use in medical 
therapy. 
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Chemokine peptide 3. a variant or derivative thereof and 
their medical use. 
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Chemokine peptide 2, a variant or derivative thereof and 
tneir medical use. 
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A compound of formula IV and its medical 



use 
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